where μ 0 is the permeability of free space, 1.26×10 -6 m.kg.s -2 . A -2 . For a diamagnetic material χ is negative, as is the case for water (χ for water is −9.05310 -6 ), 9 and in this case the energy density is positive, or On the surface of the water, the energy must be constant (otherwise there would be forces acting on the surface arising from the energy gradient), so the positive magnetic energy at the water surface must be canceled by a reduction of the gravitational energy and thus the dip in the water level over the magnet.
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Continuing with the description of the other elements shown in Fig. 1 , for the water container we used a plastic petri dish measuring 8.5 cm in diameter, which was filled with water to a depth of about 0.25 cm. The petri dish was elevated off the floor sufficiently to slide a round NdFeB magnet (2 cm in diameter) under the dish without it touching the petri dish. To know the position of the magnet beneath the petri dish, we placed the magnet on a linear slide (slide direction is parallel to water surface), but any convenient method of knowing the magnet position, such as with two small rulers side by side with the magnet attached to one of them, would work. A laser was attached to a ring stand by means of a test-tube holder and was situated behind the petri dish with the laser about 10 cm above the dish. The laser was angled to hit the water at about the center of the dish, with an angle between the beam and flat water surface of θ (order of 20 o in our case); care must be taken to make sure the laser beam position on the water's surface is directly above the point the center of the magnet will pass for the best results. The entire setup was placed a distance from the wall where the reflected laser beam could be observed. For the analysis below, the distance x (about 4 m in our case) was measured from the position of the laser on the water's surface and the wall; the height difference between the water surface and the reflected beam spot on the wall in the absence of the magnetic field was y (about 1.8 m in our case). When the water surface is deformed by the magnetic field, the change in the slope of the water surface causes a change in the angle of incidence of the laser to the water, ∆θ. The change in the incident angle results in a change of the reflected beam from the original beam by an angle of 2∆θ. This change in the beam's reflection angle produces a change in the position of the reflected laser spot from the zero field position on the wall, ∆y, which can be measured with a ruler. Using simple trigonometry, the relation between the change in the reflected beam angle and change in height is
Deformation of Water by a Magnetic Field
Zijun Chen and E. Dan Dahlberg, University of Minnesota, Minneapolis, MN A fter the discovery that superconducting magnets could levitate diamagnetic objects, 1,2 researchers became interested in measuring the repulsion of diamagnetic fluids in strong magnetic fields, [3] [4] [5] which was given the name "The Moses Effect. " 5 Both for the levitation experiments and the quantitative studies on liquids, the large magnetic fields necessary were produced by superconducting magnets.
Nonquantitative demonstrations that rely on the weaker but still strong NdFeB magnets have found their way into The Physics Teacher. [6] [7] [8] We have developed a technique similar to one of these demonstrations 7 that both illustrates the qualitative effect and can be used for quantitative analysis of the deformation of the water surface by the field from an NdFeB magnet using the reflection of a laser beam from the surface. The method requires minimal equipment and magnetic fields on the order of a third of a tesla, as compared to the quantitative experiments 3-5 using superconducting magnets with fields on the order of a few tesla.
The geometry of our setup is illustrated in Fig. 1 . As shown in the figure, the effect of the magnetic field on the water is to create a depression in the surface. The first question a student may ask is, "Why is there a depression?" This comes from the fact that a diamagnetic material in a magnetic field gains energy, i.e., the diamagnetic energy is positive. One can show this by considering the energy density u of a material with a volume magnetic susceptibility χ in the presence of a magnetic field B, which is given by 
The slope S of the water's surface relative to the horizontal is given by tan(∆θ), and for the data the dimple in the water was measured by changing the position of the dimple itself by moving the magnet. The magnet's position in relation to the point at which the laser was hitting the water was shifted in 0.2-cm increments over a distance of 3.5 cm. Since the measurements are relative, the zero for the magnet position is arbitrary, but for symmetry we defined our zero as the middle or deepest part of the dimple after taking the data. To determine the value for the depression of the water surface ∆h as a function of the position of the magnet d, we used the position-dependent value of the slope of the water surface S found above. Since the slope is the derivative of the magnet position-dependent height, we can integrate the slope as a function of the magnet position d with a left Riemann sum, by summing the slopes in succession and multiplying by the increment in the x-position using (3)
) and ∆d i are just 0.2 cm in our case and S n-1 is the measured slope; we assume an initial height of zero. Table I . The first column is the position of the magnetic with the center of the magnet taken to be zero. The next four columns are the change in laser reflection height, the deviation of the reflection angle of the water surface, the tangent of the angle or slope, and the calculated drop in height of the water. Using Eqs. (2) and (3), a table of the height of the water as a function of the magnet position can be obtained.
In Table I we show a sample data table for several magnet positions that includes the position of the magnet, the change in height of the laser on the wall, the change in angle, the tangent of the angle, and the calculated height change. In Fig. 2 we have plotted the depression of the water's surface as a function of the position of the magnet for the complete set of data used in Table I . For this set of data, the maximum magnetic field at the water's surface was on the order of 0.3 T, which resulted in a maximum deflection of the water's surface of a bit less than 25 μm.
In conclusion, we have described a sensitive technique to measure the alteration of a liquid's surface in response to an applied magnetic field. The technique is based on the use of an optical lever that is similar to that used for atomic force microscopy. The optical lever technique's sensitivity is quite good, which allows the use of modest magnetic fields as produced with permanent magnets such as NdFeB.
Although we do not show it here, it is straightforward to calculate the magnetic energy across the water surface. We have explored this using an F. W. Bell model 5080 Gaussmeter with the probe set at a distance above the magnet at approximately the correct position to measure the magnetic fields at the surface of the water where the laser beam hit it. We found the field variation above the single magnet with height to create some difficulties in doing this accurately. Instead of using a single magnet to produce the magnetic fields, the use of a PASCO Variable Gap Lab Magnet made the determination of the magnetic energy much more accurate, as the variation of field in the gap is significantly less than the field variation as a function of height with single magnet. We have also found care must be taken to make the measurements over the center of either the single magnet or the PASCO magnet, as lateral variations of the magnetic field can also be problematic.
